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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a flip-chip semiconductor light- 
emitting element of a structure, wherein light on its way from a luminous 
layer to a p side electrode is made to be reflected to the side of a light 
extracting surface with high reflection efficiency for obtaining a high 
luminous efficiency. 

SOLUTION: A semiconductor laminated film, consisting of n~type and p- 
type layers is formed on a transparent sapphire substrate 1a and n side 
and p side electrodes 2 and 3 respectively are provided on the surface 
on the same side, which faces opposite the substrate 1 a of the 
laminated film. The electrode 3 is formed into a laminated material 
consisting of an ohmic layer 3a, which is ohmic connectable to p side 
semiconductor laminated film and consists of a metallic material, and a 
reflecting layer 3b, which is made a laminate on this layer 3a, consisting 
of a silver white-colored and high-reflectivity metallic material, such as 
Al, Ag and Zn. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has the semi-conductor laminating membrane structure into which n type layer and p type layer 
were grown up on the crystal substrate of transparence. It has n lateral electrode and p lateral electrode which 
carry out ohmic contact to n type layer and p type layer, respectively on the field of a crystal substrate and the 
opposite side. The contact layer are the semi-conductor light emitting device of the flip chip mold which made 
the n side, and p lateral electrode forming face and the field of the opposite side the optical ejection side, and 
according p lateral electrode to the metallic material in which ohmie contact is possible to the p side semi- 
conductor cascade screen, The flip chip mold semi-conductor light emitting device which comes on this contact 
layer as a layered product of the reflecting layer by the silver white system metallic material with a high 
reflection factor. 

[Claim 2] For the thickness, said contact layer is a flip chip mold semi-conductor light emitting device according 
to claim 1 which is 500nm or less including one metallic element of nickel, Co, Mg, and Sb. 

[Claim 3] It is the flip chip mold semi-conductor light emitting device according to claim 1 or 2 the thickness of 
whose said reflecting layer consists of one metallic element of aluminum, Ag, and Zn, and is 500nm or more. 
[Claim 4] The flip chip mold semi-conductor light emitting device according to claim 3 which uses said reflecting 
layer as the alloy of Ag and Pt, or the alloy of Ag and Pd when said reflecting layer is Ag. 
[Claim 5] A flip chip mold semi-conductor light emitting device given in either of claims 1-4, It consists of a 
submounting component with the 1st principal plane by which two electrodes were formed in the location 
corresponding to the p side of said flip chip mold semi-conductor light emitting device, and n lateral electrode, 
and the 2nd principal plane in which the whole surface electrode was formed. Semi-conductor luminescence 
equipment which the p side of said flip chip mold semi-conductor light emitting device and n lateral electrode are 
confronted through a micro bump on two electrodes of the 1st principal plane of said submounting component, 
and comes to carry out flow loading. 

[Claim 6] Semi-conductor luminescence equipment according to claim 5 which said flip chip mold semi- 
conductor light emitting device is a GaN system compound semiconductor light emitting device, said 
submounting component is Si diode component, and two electrodes on said 1st principal plane are the p side of 
said Si diode component, and an n lateral electrode, and p lateral electrode and n lateral electrode of said light 
emitting device stand face to face against n lateral electrode and p lateral electrode of said Si diode component, 
and comes to make flow connection through a micro bump. 

[Claim 7] Semi-conductor luminescence equipment according to claim 5 or 6 characterized by covering the front 
face of said reflecting layer by the protective coat which consists of Pt, Pd, or nickel when said reflecting layer 
is Ag. 

[Claim 8] Semi-conductor luminescence equipment characterized by having filled up the junction clearance 
between a flip chip mold semi-conductor light emitting device, said said leadframe, substrate, etc., or the 
junction clearance between said flip chip mold semi-conductor light emitting device and said submounting 
component with silicone resin in semi-conductor luminescence equipment given in seven from the semi- 
conductor luminescence equipment which carried out flow loading of the flip chip mold semi-conductor light 
emitting device given in four from claim 1 at the leadframe, the substrate, etc., or claim 5. 

[Claim 9] Semi-conductor luminescence equipment characterized by said silicone resin having not covered on 
the optical ejection side of said flip chip mold semi-conductor light emitting device in semi-conductor 
luminescence equipment according to claim 8. 

[Claim 10] In semi-conductor luminescence equipment according to claim 5, 6, or 7, are insulation as a flip chip 



mold semi-cbnductor light emitting device, and the laminating of n type layer and p type layer of a GaN system 
compound semiconductor is carried out on the substrate of a light transmission mold. It is the manufacture 
approach of said reflecting layer at the time of using the semi-conductor light emitting device which formed n 
lateral electrode in the front face of said n type layer, and formed p lateral electrode in the field of the front face 
of said p type layer which is on this transparent electrode and occupies a part of front face of said p type layer 
while forming the transparent electrode of a thin film in the whole surface mostly. After confronting the 
electrode of both components on the wafer with which said submounting component was formed in the shape of 
a matrix in said GaN system semi-conductor light emitting device and carrying out flow junction through a micro 
bump The manufacture approach of the semi-conductor luminescence equipment which is immersed in the 
electrolytic plating liquid which dissolved the metallic material of said reflecting layer with said light emitting 
device in said wafer, connects the electrode of said wafer to the negative electrode of the power source for 
electrolysis, and carries out adhesion formation of said metallic material on the front face of said transparent 
electrode with electrolysis plating. 

[Claim 1 1] After confronting the electrode of both components on the wafer with which it is the manufacture 
approach of luminescence equipment according to claim 7, and said submounting component was formed in the 
shape of a matrix in said flip chip mold semi-conductor light emitting device and carrying out flow junction 
through a micro bump The manufacture approach of the semi-conductor luminescence equipment which is 
immersed in the electrolytic plating liquid which dissolved the metallic material of said protective coat with said 
light emitting device in said wafer, connects the electrode of said wafer to the negative electrode of the power 
source for electrolysis, and carries out adhesion formation of said metallic material on p lateral electrode front 
face of said light emitting device with electrolysis plating. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semi-conductor luminescence equipment of the flip chip 
mold using the gallium nitride system compound used for optical devices, such as a blue light emitting diode, and 
relates to the semi-conductor light emitting device collects the reflected lights from P lateral electrode 
efficiently, and it was made to make emit light from an optical ejection side especially, semi-conductor 
luminescence equipment, and the manufacture approach of the equipment. 
[0002] 

[Description of the Prior Art] GaN system compound semiconductors, such as GaN, GaAIN, InGaN, and InAIGaN, 
come to be used abundantly as a semiconductor material for a light luminescence device or elevated- 
temperature actuation electron devices, and expansion in the field of blue and green light emitting diode is 
progressing. 

[0003] Generally in manufacture of the semi-conductor of this GaN system compound, insulating sapphire is 
used as a crystal substrate for growing up the semi-conductor film in that front face. In the case where an 
insulating crystal substrate like this sapphire is used, since an electrode cannot be taken out from a crystal 
substrate side, the electrode of p and n which are prepared in a semi-conductor layer will be formed in a crystal 
substrate and the whole surface of the side which counters. 

[0004] The outline perspective view of the conventional GaN system semi-conductor light emitting device is 
shown in drawing 8 . The GaN system semi-conductor light emitting device 50 forms n type layer 51 and p type 
layer 52 on it, using silicon-on-sapphire 50a as an insulating substrate, etches a part of p type layer 52, and 
exposes n type layer 51. And since n lateral electrode 51a for bonding is formed in n type layer 51 and p type 
layer 52 serves as a luminescence region, while forming transparent electrode 52a in the whole mostly, it is [ of 
the top face ] a fundamental configuration to prepare p lateral electrode 52b for bonding in the part. 
[0005] Here, that in which transparent electrode 52a considered as the cascade screen of nickel and Au or the 
cascade screen of Co and Au, and p lateral electrode 52b was also formed of the cascade screen of the same 
combination is almost the case. Moreover, generally what n lateral electrode 51a made the cascade screen of Ti 
and Au or the cascade screen of V and aluminum is used. 

[0006] Each ingredient of transparent electrode 52a t p lateral electrode 52b, and n lateral electrode 51a is 
chosen considering fulfilling the conditions which can carry out ohmic contact to a GaN system as a major 
premise. That is, it is a suitable electrode material for nickel, Co, Ti, and V to carry out ohmic contact to a 
component side, and since Au cannot oxidize easily, it is used by the reason for the ability to aim at 
improvement in bonding nature. 

[0007] In such a semi— conductor light emitting device 50, InGaN by which a laminating is carried out the p— n 
junction region between n type layer 51 and p type layer 52 or between them is made into a barrier layer, and it 
mounts on a leadframe etc. by making the front face of p type layer 52 into the main light drawing side. And 
luminescence from the main light drawing side is obtained by carrying out bonding of the Au wire (not shown) to 
each of n lateral electrode 51a and p lateral electrode 52b, and making it flow a leadframe side. 
[0008] Moreover, since the electrodes 51a and 52b by the side of an optically transparent thing, n, and p are 
contained in the field of the same side, the assembly of a flip chip mold is possible for the sapphire used as 
substrate 50a. The bump electrode is formed in each of the electrodes 5.1a and 52b by the side of n and p, it 
joins to the electrode by the side of mounting of these by ultrasonic bonding etc., and this is taken as the 
assembly of wireless bonding. When carrying out an assembly as this flip chip mold, the top face of substrate 50a 



at the time of the posture in which vertical reversal of the light emitting device shown in drawing 8 was carried 
out turns into the main light drawing side. 

[0009] It originates in a component ingredient, for example, physical constants and component structures, such 
as a dielectric constant epsilon, and the very weak thing is known for the light emitting device 50 which, on the 
other hand, carries out the laminating of the GaN system compound semiconductor layer to substrate 50a of 
such insulating sapphire to static electricity. For example, when making an LED lamp and the capacitor by which 
static electricity was charged counter in the case of the LED lamp which carried the light emitting device 50 in 
the mounting section of a leadframe, and was closed with the epoxy resin etc. and producing discharge among 
both, in hard flow, it will be destroyed [ in the forward direction ] with the static voltage of about 100 V at the 
static voltage of about 30 V. 

[0010] On the other hand, in order to prevent destruction of the light emitting device 50 by overcurrents, such 
as static electricity, it is effective to have Si diode as an electrostatic-protection component. An applicant for 
this patent proposes this electrostatic-protection component previously, it can apply the thing of a publication 
to the specification and drawing for which it already applied as Japanese Patent Application No. No. 18782 [ nine 
to ], and considers it as the configuration connected while taking the flow so that it might become the relation 
between a light emitting device and reversed polarity about Si diode which used the silicon substrate of n mold 
as the base material. 

[001 1] Drawing 9 is the example which carried and compound-device-ized the light emitting device 50 of drawing 
8 to the Si diode 53 for electrostatic protection, and (a) of this drawing is drawing of longitudinal section 
according [ (b) of a top view and this drawing ] to the C-C line view of this drawing (a). 

[0012] The Si diode 53 is the thing made from n mold silicon substrate 53a, pours in and diffuses impurity ion 
from the top-face side of the location which inclined toward the right end side in (a) of drawing 9 , and forms p 
type semiconductor field 53b partially. And the p lateral electrode 55 was formed in the part which is equivalent 
to the part equivalent to a n-type-semiconductor field at the n lateral electrode 54 and p type semiconductor 
field 53b, respectively, and the n electrode 56 for making it flow electrically with a leadframe etc. is further 
formed in the inferior surface of tongue. Here, the resistance between the n lateral electrode 54 of the Si diode 
53 and the n electrode 56 works as protective resistance. 

[0013] The n lateral electrode 54 of the Si diode 53 is connected to p lateral electrode 52b of a light emitting 
device 50 through the micro bump 57, the p lateral electrode 55 is connected to n lateral electrode 51a through 
the micro bump 58, and a light emitting device 50 and the Si diode 53 are connected with reversed polarity. And 
some p lateral electrodes 55 are the bonding area of the wire connected between leadframes etc. 
[0014] When the overcurrent by the high voltage is impressed by connection of such reversed polarity, and a 
bypass opens the reverse voltage impressed to a light emitting device 50 near the forward voltage of the Si 
diode 53 (0.9V [ i.e., ]), and a bypass opens the forward voltage impressed to a light emitting device 50 a part for 
a voltage drop and near zener voltage Vz (for example, 10V) the Si diode 53, an overcurrent is passed, 
respectively. [ by the resistance component ] Therefore, destruction of the light emitting device 50 by static 
electricity can be prevented certainly. 

[0015] Here, in the semi-conductor light emitting device of a flip chip mold, since a luminous layer is formed in 
the transparent electrode 52a bottom, the light from this luminous layer has what escapes from silicon-on- 
sapphire 50a, and emits light considering that top face as an optical ejection side, and the thing which goes to 
the transparent electrode 52a side. For this reason, if it is made to reflect the light which goes to this 
transparent electrode 52a with the thick-film electrode with a high reflection factor which replaces a transparent 
electrode, the luminous efficiency from an optical ejection side can be gathered. In this case, a thick-film 
electrode turns into p lateral electrode also including the bonding pad section. Also in this case, there is no 
change in the ohmic contact to the semi-conductor cascade screen of a GaN system being possible as 
conditions for selection of an electrode material, and optimization will be attained if considering as the ingredient 
made to reflect the light from a luminous layer in selection of an electrode material efficiently in addition to the 
conditions of this ohmic contact also contains in conditions. 
[0016] 

[Problem(s) to be Solved by the Invention] When it considers as a thick-film electrode instead of transparent 
electrode 52a and considers as p lateral electrode also including a bonding pad, ohmic contact with the same 
ingredient as what showed this p lateral electrode by drawing 8 , i.e., the cascade screen of nickel and Au, or the 
cascade screen of Co and Au, then the semi-conductor cascade screen of p mold is possible, and, moreover. 



what also has the micro bump's 57 good junction nature is obtained. 

[0017] However, in the cascade screen of nickel and Au, the layer of nickel which generally takes ohmic contact 
is very thin, and Au is thickly formed compared with this. Co is thin similarly in the combination of Co and Au f 
and Au is thick. The relation of such thickness comes from the conditions for making the smallest contact 
resistance with the optimal ohmic nature, i.e., an electrode, and the optimal semi-conductor (p mold GaN layer). 
[0018] Thus, when the Au is thicker than nickel and Co, it is alloyed after heat-treating, and it becomes golden 
and the golden layer on which p lateral electrode wore gold or yellow and on which the semi-conductor cascade 
screen of p mold and the interface of p lateral electrode wore such gold or yellow will be formed. 
[0019] Here, it is known that the reflection factor when projecting the light of various wavelength on the fresh 
front face which carried out vacuum deposition of the metal and formed it perpendicularly will change with 
wavelength. This is shown as a table of the spectral reflectance of the metal side of the 519th page printing of 
the "science chronology" of Heisei 8 editions. In the case where light is irradiated in the vacuum evaporationo 
side of Au according to this table, if wavelength is more than 0.550 micrometer (considerable green) and 
wavelength will be set to 0.500 micrometers to a reflection factor being 80% or more, the reflection factor will fall 
to 50% or less rapidly. And if wavelength is 0.450 micrometers (considerable blue), it turns out that the reflection 
factor is decreased greatly as it falls to 40% or less and wavelength becomes short. 

[0020] Therefore, if the golden layer which wore gold or yellow is in the semi-conductor cascade screen of p 
mold, and the interface of p lateral electrode, the amount of the light from a luminous layer absorbed will be 
larger, and the effectiveness of the reflective recovery to an optical drawing side side will fall sharply. 
[0021] Thus, when using Au as an electrode material, the effectiveness is not enough, even if it is also going to 
collect the reflected lights from p lateral electrode to an optical drawing side side and they tend to gather 
luminous efficiency like a flip chip mold. 

[0022] It is the 1st technical problem to offer the semi-conductor light emitting device of the flip chip mold with 
which the technical problem which should be solved in this invention reflects in an optical drawing side side the 
light which faces to p lateral electrode from a luminous layer at high reflective effectiveness, and high luminous 
efficiency is acquired. 

[0023] According to the table of the spectral reflectance of the metal side of the 519th page printing of the 
'science chronology" of Heisei 8 editions furthermore described above, in a light field, the metallic material with 
the highest reflection factor is Ag. However, in the field of a semiconductor device, to use Ag as an electrode 
material, it is required to prevent generating of the migration. It generates, when Ag ionizes about moisture, 
electric field, etc. at the time of some specific conditions, and this migration becomes the cause which causes 
the short circuit of a circuit etc. 

[0024] If Ag is used for p lateral electrode also in this light emitting device, in the LED lamp closed with the 
epoxy resin, the problem that the poor leak between a lifting, p lateral electrode of a light emitting device, and n 
lateral electrode generates Ag migration in short-time energization will arise with the electric field impressed to 
a light emitting device, and the moisture which has permeated the inside of an epoxy resin. 
[0025] The 2nd technical problem which should be solved in this invention is offering the semi-conductor light 
emitting device, the semi-conductor luminescence equipment, and its manufacture approach of the flip chip mold 
which can use Ag with the highest reflection factor for p lateral electrode, without generating migration. 
[0026] 

[Means for Solving the Problem] This invention has the semi-conductor laminating membrane structure into 
which n type layer and p type layer were grown up on the crystal substrate of transparence. It has n lateral 
electrode and p lateral electrode which carry out ohmic contact to n type layer and p type layer, respectively on 
the field of a crystal substrate and the opposite side. The contact layer are the semi-conductor light emitting 
device of the flip chip mold which made the n side, and p lateral electrode forming face and the field of the 
opposite side the optical drawing side, and according p lateral electrode to the metallic material in which ohmic 
contact is possible to the p side semi-conductor cascade screen, It is characterized by coming on this contact 
layer as a layered product of the reflecting layer by the silver white system metallic material with a high 
reflection factor. 

[0027] With such a configuration, it can be made to be able to reflect in the optical drawing side side of a crystal 
substrate efficiently, and the light which faces to p lateral electrode from the luminous layer of a semi- 
conductor cascade screen can be made to emit light from the field where it is a silver white system and the 
laminating of the metallic material with a high reflection factor was carried out. 



[0028] Moreover, this invention is characterized by covering the front face of said reflecting layer by the 
protective coat which consists of Pt, Pd, or nickel, when said reflecting layer is Ag. 

[0029] By alloying with Ag, Pt or Pd has the work which controls the migration of Ag, and can intercept moisture 
by covering the front face of Ag completely by the protective coat by electrolytic plating etc., and can control 
the migration by ionization of Ag. 

[0030] Furthermore, this invention is characterized by having filled up the junction clearance between a flip chip 
mold semi-conductor light emitting device, a leadframe, a substrate, etc., or the junction clearance between a 
flip chip mold semi-conductor light emitting device and a submounting component with silicone resin in the 
semi-conductor luminescence equipment which carried out flow loading of the flip chip mold semi-conductor 
light emitting device at the leadframe, the substrate, etc., or the semi-conductor luminescence equipment which 
carried out flow loading of the flip chip mold semi-conductor light emitting device at the submounting 
component. 

[0031] By filling up said junction clearance with silicone resin, there is work which controls the migration by 

ionization of Ag, and poor leak mode can be controlled. 

[0032] 

[Embodiment of the Invention] Invention according to claim 1 has the semi-conductor laminating membrane 
structure into which n type layer and p type layer were grown up on the crystal substrate of transparence. It has 
n lateral electrode and p lateral electrode which carry out ohmic contact to n type layer and p type layer, 
respectively on the field of a crystal substrate and the opposite side. The contact layer are the semi-conductor 
light emitting device of the flip chip mold which made the n side, and p lateral electrode forming face and the 
field of the opposite side the optical drawing side, and according p lateral electrode to the metallic material in 
which ohmic contact is possible to the p side semi-conductor cascade screen, It is that which comes on this 
contact layer as a layered product of the reflecting layer by the silver white system metallic material with a high 
reflection factor. It has an operation of reflecting efficiently in the optical drawing side side of a crystal substrate 
the light which faces to p lateral electrode from the luminous layer of a semi-conductor cascade screen from 
the field where it is a silver white system and the laminating of the metallic material with a high reflection factor 
was carried out. Moreover, it also has an operation of stabilizing connectability, by using the metallic material in 
which the ohmic junction to the p side semi-conductor cascade screen is possible as a contact layer. 
[0033] Said contact layer is a semi-conductor light emitting device according to claim 1 the thickness of whose 
is 500nm or less including one metallic element of nickel, Co, Mg, and Sb, and the GaN layer of p mold and the 
good ohmic contact of invention according to claim 2 are possible for the above-mentioned metallic element. 
However, from the blue of this metallic element, since the reflection factor to a green light is not necessarily 
good, thickness has the operation which can penetrate light of setting 500nm or less to 100nm or less more 
preferably, and making it not bar the effectiveness of a reflecting layer. 

[0034] In invention according to claim 3, said reflecting layer consists of one metallic element of aluminum, Ag, 
and Zn, and the thickness is a semi-conductor light emitting device according to claim 1 or 2 which is 500nm or 
more, and can reflect efficiently in an optical ejection side side the light which the above-mentioned element has 
especially a high reflection factor to a green light from blue, and progresses to an electrode side. Moreover, the 
thickness has only the thickness which achieves the function as a reflector, i.e., operation of setting 500nm or 
more to 1 micrometers or more preferably, and gathering reflective effectiveness. 

[0035] It has an operation of stabilizing ohmic contact and also raising reflective effectiveness by claims 2 and 3. 

[0036] Invention according to claim 4 is a flip chip mold semi-conductor light emitting device according to claim 
3 which uses said reflecting layer as the alloy of Ag and Pt, or the alloy of Ag and Pd when said reflecting layer 
is Ag, and in using Ag for p lateral electrode, Ag migration has an operation that it can control, by considering as 
the alloy of Ag, Pt, or Ag and Pd. The rate of Pt or Pd has desirable extent from which the reflection factor of 
Ag is seldom dropped on 10wt(s)% or about 30wt%, respectively. 

[0037] Invention according to claim 5 A flip chip mold semi-conductor light emitting device given in either of 
claims 1-4, It consists of a submounting component with the 1st principal plane by which two electrodes were 
formed in the location corresponding to the p side of said flip chip mold semi-conductor light emitting device, 
and n lateral electrode, and the 2nd principal plane in which the whole surface electrode was formed. It is semi- 
conductor luminescence equipment which the p side of said flip chip mold semi-conductor light emitting device 
and n lateral electrode are confronted through a micro bump on two electrodes of the 1st principal plane of said 



submounting component, and comes to carry out flow loading. By using the compound device in which the light 
which progresses contrary to an optical ejection side is efficiently reflected by the above-mentioned reflecting 
layer, it has an operation that semi-conductor luminescence equipment excellent in external quantum efficiency 
is obtained. 

[0038] Said flip chip mold semi-conductor light emitting device of invention according to claim 6 is a GaN system 
compound semiconductor light emitting device. Said submounting component is Si diode component, and two 
electrodes on said 1st principal plane are the p side of said Si diode component, and an n lateral electrode. It is 
semi-conductor luminescence equipment according to claim 5 which p lateral electrode and n lateral electrode 
of said light emitting device stand face to face against n lateral electrode and p lateral electrode of said Si diode 
component, and comes to make flow connection through a micro bump. By using Si diode for a GaN system 
compound semiconductor element weak to static electricity as a submounting component, electrostatic 
protection becomes possible and it has an operation that semi-conductor luminescence equipment excellent in 
the static electricity pressure-proofing and external quantum efficiency is obtained. 

[0039] It is semi-conductor luminescence equipment according to claim 5 or 6 characterized by invention 
according to claim 7 covering the front face of said reflecting layer by the protective coat which consists of Pt, 
Pd, or nickel when said reflecting layer is Ag. Pt or Pd has the work which controls the migration of Ag by 
alloying with Ag, Moreover, by covering the front face of Ag completely by the protective coat by electrolytic 
plating etc., moisture is intercepted and it has an operation that the migration by ionization of Ag can be 
controlled. 

[0040] In the semi-conductor luminescence equipment with which invention according to claim 8 carried out flow 
loading of the flip chip mold semi-conductor light emitting device given in four from claim 1 at the leadframe, the 
substrate, etc., or semi-conductor luminescence equipment given in seven from claim 5 It is semi-conductor 
luminescence equipment characterized by having filled up the junction clearance between a flip chip mold semi- 
conductor light emitting device, said said leadframe, substrate, etc., or the junction clearance between said flip 
chip mold semi-conductor light emitting device and said submounting component with silicone resin. In order 
that silicone resin may carry out the trap of the Ag ion by filling up said junction clearance with silicone resin, it 
has an operation that the migration by ionization of Ag can be controlled. 

[0041] By using claims 7 and 8 together, the effectiveness of the cure against Ag migration at the time of using 
Ag for a reflecting layer becomes a more positive thing. 

[0042] Invention according to claim 9 is set to semi-conductor luminescence equipment according to claim 8. It 
is semi-conductor luminescence equipment characterized by said silicone resin having not covered on the 
optical ejection side of said flip chip mold semi-conductor light emitting device. For example, it sets about the 
combination which uses as restoration resin the liquefied silicone resin which contains Pt compound in a curing 
catalyst, and uses an epoxy resin as mold resin. When said silicone resin has not covered on the optical ejection 
side of said flip chip mold semi-conductor light emitting device, an optical ejection loss can be mitigated and it 
has an operation that brightness improves. Moreover, when using as restoration resin the liquefied silicone resin 
which carries out flow loading of said luminescence equipment at the leadframe which has the parabola section, 
for example, contains Pt compound in a curing catalyst and using an epoxy resin as mold resin, it sets, although 
the stress to said Au wire is large, and Au line will be turned off, or the probability for a ball to separate from an 
electrode will be markedly alike compared with the conventional LED and will become large, if the spreading side 
of restoration resin is near the parabola upper part by making the top face of said restoration resin into near the 
neck of said Au wire, it has an operation that the stress to Au wire can be boiled markedly and it can mitigate. 
[0043] Invention according to claim 10 is set to semi-conductor luminescence equipment according to claim 5, 6, 
or 7. Are insulation as a flip chip mold semi-conductor light emitting device, and the laminating of n type layer 
and p type layer of a GaN system compound semiconductor is carried out on the substrate of a light 
transmission mold. It is the manufacture approach of said reflecting layer at the time of using the semi- 
conductor light emitting device which formed n lateral electrode in the front face of said n type layer, and 
formed p lateral electrode in the field of the front face of said p type layer which is on this transparent electrode 
and occupies a part of front face of said p type layer while forming the transparent electrode of a thin film in the 
whole surface mostly. After confronting the electrode of both components on the wafer with which said 
submounting component was formed in the shape of a matrix in said GaN system semi-conductor light emitting 
device and carrying out flow junction through a micro bump Said wafer is immersed in the electrolytic plating 
liquid which dissolved the metallic material of said reflecting layer with said light emitting device. It is the 



manufacture approach of the semi-conductor luminescence equipment which connects the electrode of said 
wafer to the negative electrode of the power source for electrolysis, and carries out adhesion formation of said 
metallic material on the front face of said transparent electrode with electrolysis plating. By using electrolysis 
plating after carrying in the wafer with which the submounting component was formed in the shape of a matrix 
even if p lateral electrode was a light emitting device [ that it continues being a transparent electrode ] 
Adhesion formation of the reflecting layer can be carried out easily at a transparent electrode, and it has an 
operation that it can provide as the compound device excellent in external quantum efficiency, and a compound 
device which was excellent also in electrostatic pressure-proofing by using a submounting component as Si 
diode. 

[0044] Invention according to claim 11 is the manufacture approach of luminescence equipment according to 
claim 7. After confronting the electrode of both components on the wafer with which said submounting 
component was formed in the shape of a matrix in said flip chip mold semi-conductor light emitting device and 
carrying out flow junction through a micro bump Said wafer is immersed in the electrolytic plating liquid which 
dissolved the metallic material of said protective coat with said light emitting device. By connecting the 
electrode of said wafer to the negative electrode of the power source for electrolysis, being the manufacture 
approach of the semi-conductor luminescence equipment which carries out adhesion formation of said metallic 
material on p lateral electrode front face of said light emitting device with electrolysis plating, and using 
electrolysis plating A protective coat can be covered to the exposure of Ag which is a reflecting layer easily. 
Moreover, after carrying a light emitting device on the wafer with which the submounting component was formed 
in the shape of a matrix, since a protective coat is formed in the exposure of Ag which is a reflecting layer, there 
is no fear of damaging a protective coat after formation, and it has an operation that effectiveness of a 
protective coat can be ensured. 

[0045] Below, the example of the gestalt of operation of this invention is explained, referring to a drawing. 
Drawing 1 is the outline of the GaN system compound semiconductor light emitting device by the gestalt of 
operation of the 1st of this invention, and (a) of this drawing is drawing of longitudinal section according [ (b) of a 
top view and this drawing ] to the A~A line view of this drawing (a). 

[0046] In (a) of drawing 1 , and (b), a light emitting device 1 forms two or more semi-conductor thin film layers 
by well-known metal-organic chemical vapor deposition conventionally on the front face of transparent insulating 
silicon-on-sapphire 1a. The layered product of this thin film considers as GaN buffer layer 1b, n mold GaN layer 
1c, 1d of InGaN barrier layers, p mold AIGaN layer 1e, and 1f of p mold GaN layers from the bottom at order, and 
has double hetero structure or quantum well structure. 

[0047] The top face of the one corner section of n mold GaN layer 1c is removed by etching in the shape of a 
level difference, and forms the n lateral electrode 2 in this removed part with vacuum deposition. Moreover, the 
p lateral electrode 3 is similarly formed in the top face of 1f of p mold GaN layers of the maximum upper layer 
except the excision part by etching by vacuum deposition. And on these n lateral electrodes 2 and the p lateral 
electrode 3, the micro bumps 4 and 5 are formed, respectively. However, the micro bumps 4 and 5 may be 
formed on the electrode by the side of a submounting component. 

[0048] Drawing 2 is the schematic diagram of semi-conductor luminescence equipment equipped with the light 
emitting device 1. In mounting section 6a formed in the upper limit of a leadframe 6, Si diode component 7 for 
electrostatic protection is carried as a submounting component, and adhesion immobilization of this is carried 
out with suitable Ag paste at it. And it arranges as a posture which carried out vertical reversal of the light 
emitting device 1 shown in the top face of this Si diode component 7 at (b) of drawing 1 . 

[0049] The micro bumps 4 and 5 of a light emitting device 1 make p lateral electrode 7b of Si diode component 
7, and n lateral electrode 7a flow electrically, respectively, with the epoxy resin 8, the closure is carried out and 
the top face of silicon-on-sapphire 1a is made into the optical drawing side in the posture of illustration. 
[0050] When there is energization to a light emitting device 1, 1d of InGaN barrier layers in a semi-conductor 
cascade screen turns into a luminous layer, and as the conventional example also showed, the light from this 
luminous layer faces to the optical ejection side side of silicon-on-sapphire 1a, and the p lateral electrode 3. 
And although what is necessary is making it just reflect efficiently the light which faces to this p lateral 
electrode 3, the reflection factor of a blue light became small what contains Au as an electrode material of this p 
lateral electrode 3. 

[0051] On the other hand, in this invention, in order to gather the reflective effectiveness from the p lateral 
electrode 3, nickel, and Co or Sb is formed by 50nm thickness as contact layer 3a which contacts 1f of p mold 



GaN layers in the ingredient, and the laminating of aluminum or Zn of a silver white system metal with a high 
reflection factor is carried out by 1 .5-micrometer thickness to a light blue as reflecting layer 3b, and green on it. 
To blue or a green light, in order that the reason for making contact layer 3a thin may take good ohmic contact 
to a p mold GaN layer here, since the reflection factor is not necessarily good, the metal used for it is for making 
it the thinness which can penetrate the great portion of light, and is made the configuration which reflects light 
by reflecting layer 3b with the high reflection factor by which the laminating was carried out on it. Moreover, it is 
necessary to make this reflecting layer 3b into sufficient thickness so that light cannot be penetrated. Thereby, 
the light which faces to the p lateral electrode 3 can be reflected efficiently. Moreover, when reflecting layer 3b 
is Zn, in order to improve junction nature with the micro bumps 4 and 5, the layer of Au is formed on reflecting 
layer 3b. 

[0052] Moreover, when using Ag with the highest reflection factor for reflecting layer 3b to blue or a green light, 
a migration phenomenon accompanies. And in the case of semi-conductor light emitting device [ this flip chip 
type of ], since the p lateral electrode 3 and the n lateral electrode 2 adjoin the same field, it becomes the 
situation that a migration phenomenon tends to happen, and there is a disadvantageous field that inter-electrode 
poor leak mode occurs by short-time energization. 

[0053] On the other hand, in this invention, when using Ag for reflecting layer 3b, reflecting layer 3b is formed as 
an alloy of Pd or Pt. The migration of Ag is controlled although a little reflection factor falls by mixing Pd or Pt 
with Ag. In the case of Pd, about 30wt% and in Pt, the proper value of that mixing forms the thickness of this 
reflecting layer 3b by 1.5 micrometers about 10wt%. 

[0054] Drawing 3 is the outline of the part of the compound device which consists of the light emitting device 
and submounting component of semi-conductor luminescence equipment by the gestalt of operation of the 2nd 
of this invention, and (a) of this drawing is drawing of longitudinal section according [ (b) of the outline top view 
and this drawing ] to the B-B line view of this drawing (a). 

[0055] The GaN system compound semiconductor light emitting device used here is the light emitting device 50 
with the conventional transparent electrode 52a, and after being joined through a micro bump on the 
submounting component (Si diode) 7 and considering as a compound device, it forms Ag or Zn of a silver white 
system metallic material with a high reflection factor for a reflecting layer 10 with electrolysis plating by 1.5- 
micrometer thickness to a blue and green light on a transparent electrode. In this case, since a reflecting layer 
10 is formed after considering as a compound device, that cross-section configuration differs from drawing 2 . 
That is, in the case of drawing 2 , reflecting layer 3b is formed only in the part of the p lateral electrode 3 of a 
light emitting device 1, but in the case of drawing 3 , a reflecting layer 10 is formed in the whole front face of n 
lateral electrode 7a of transparent electrode 52a of a light emitting device 50, p lateral electrode 52b, the micro 
bump 5, and Si diode, but the part formed on transparent electrode 52a achieves the function as a reflecting 
layer. It is the same configuration as drawing 2 except p lateral electrode parts of this reflecting layer 10 and a 
light emitting device 50. 

[0056] Moreover, to use Ag as a reflecting layer 10 also in this gestalt, the cure against migration is required. In 
this case, the protective coat 1 1 which consists of a deposit of Pt, Pd, or nickel is formed in the front face of Ag 
deposit which is a reflecting layer 10 as shown in drawing 4 (a). This severs contact to the moisture and Ag 
which permeate in resin, and migration can be controlled. Moreover, the reason set to Pt or Pd is because it has 
the effectiveness that the metallic element itself controls Ag migration. Moreover, the reason set to nickel is 
because the uniform plating stratification can carry out easily. By formation of the above-mentioned protective 
coat, the inter-electrode poor leak mode by Ag migration decreases by leaps and bounds. 

[0057] The same of the effectiveness of this protective coat 11 is said of the case of the light emitting device 
which formed reflecting layer 3b of p lateral electrode of the thick film shown in drawing 4 (b) using Ag. 
[0058] Thus, the light from a barrier layer is reflected in the main light ejection side side by the reflecting layer 
10 by forming the reflecting layer 10 to which metals, such as Ag, were made to adhere with plating in the front 
face of transparent electrode 52a. Therefore, compared with structure, attenuation of luminescence energy can 
be suppressed small conventionally from which light makes it pass again and collects what came out of the light 
emitting device 50, and improvement in luminescence brightness is achieved. 

[0059] Moreover, transparent electrode 52a used as a luminescence region tends to become an elevated 
temperature from other parts, and since transparent electrode 52a of the thermal conductivity is also very thinly 
small, the effect to the heat of luminescence brightness cannot be disregarded. On the other hand, since the 
laminating of the reflecting layer 10 by Ag plating is carried out to transparent electrode 52a and it is made thick, 



heat release also increases with the high thermal conductivity of Ag. Therefore, not only the improvement in the 
luminescence brightness by Ag but overheating is prevented, and improvement in resistance can also be aimed 
at. And since a reflecting layer 10 is formed not only in the front face of transparent electrode 52a but in the 
front face of n lateral electrode 7a of the bump electrode 5 or the Si diode 7, it can raise heat dissipation nature 
further using heat conduction by expansion and Ag of surface area. 

[0060] Moreover, since-izing of the front face of transparent electrode 52a can be further carried out [ thick 
film ] by putting a protective coat 11 further, an increment and heat dissipation nature of the heat capacity 
improve further, and the resistance of a light emitting device 50 is improved. 

[0061] Drawing 5 is the schematic diagram showing the process of the reflecting layer 10 of the semi-conductor 
luminescence equipment of this invention, and the manufacture approach of a protective coat 11. 
[0062] In drawing, the thing in which the pattern of the Si diode 7 was formed is prepared as an ingredient for 
the wafer 12 made from the silicon of n mold. This wafer 12 forms the pattern of the electrodes 7a and 7b by 
the side of n and p in a whole surface side, and, on the other hand, forms n electrode 7c in a side while it forms 
p type semiconductor field 7e of Si diode component shown in drawing 3 . 

[0063] The simple substance of the light emitting device 50 which carried out dicing to the electrodes 51a and 
52b by the side of n and p on the other hand from the wafer which formed the micro bumps 4 and 5 with the 
plating method or the stud method is arranged in on an expanded sheet. And the adsorption pickup of the light 
emitting device 50 is carried out by the collet, according to the pattern of the electrodes 7a and 7b by the side 
of n of a wafer 12, and p, the micro bumps 5 and 4 are contacted, fused junction is carried out with a load, heat, 
and a supersonic wave, and it fixes on a wafer 12. In this case, a micro bump may form in the electrode 7a [ by 
the side of n of a wafer 1 2, and p ], and 7b side. 

[0064] Subsequently, the wafer 12 which carried the light emitting device 50 is immersed into the electrolytic 
plating liquid 14 in the electrolysis plating bath 13. The plating liquid in the electrolysis plating bath 13 is 
electrolyzed by arranging positive electrode 13a for plating in the location which stands face to face against a 
wafer 12, preparing for this electrolysis plating bath 13 as a cathode of plating of n electrode 7c of the rear face 
of a wafer 12, and connecting a power source between such positive electrode 13a and n electrode 7c. Thereby, 
first, deposit adhesion of the case of Ag plating of a reflecting layer is carried out on the front face of p lateral 
electrode 52b and transparent electrode 52a of n lateral electrode 7a through which Ag ion in plating liquid flows 
in n electrode 7c of a wafer 12, the micro bump 5, and a light emitting device 50, and as shown in drawing 3 , the 
reflecting layer 10 of Ag is formed. 

[0065] Then, after taking out a wafer 12 and washing enough, dicing is carried out by the dicer and the 
compound device by the light emitting device 50 and the Si diode 7 which formed the reflecting layer 10 of Ag in 
the part which contains transparent electrode 52a of a light emitting device 50 by this is obtained. 
[0066] In addition, what is necessary is in the case of the example which forms the protective coat 1 1 shown in 
drawing 4 (a), to be immersed into the metal plating liquid for protective coat 1 1 in another electrolysis plating 
bath, and just to form a protective coat 1 1 with electrolysis plating by same actuation, after forming the 
reflecting layer 10 of Ag. Moreover, when using Ag for the p lateral electrode 3 also in the light emitting device 1 
which has the p lateral electrode 3 of a thick film as shown in drawing 4 (b), it can be immersed in a wafer 12 
into the metal plating liquid for protective coat 11 in the electrolysis plating bath after junction, and a protective 
coat 1 1 can be formed with electrolysis plating by same actuation. 

[0067] Drawing 6 is drawing showing the pattern of n lateral electrode 7a formed in the wafer 1 2 for 

manufacturing the Si diode 7, and p lateral electrode 7b, and flow structure with n electrode 7c. 

[0068] As shown in drawing 6 (a), since plating forming faces are n lateral electrode 7a, the bump 5 of this 

potential, p lateral electrode 52b of a light emitting device 50, and transparent electrode 52a, as a cathode, not n 

electrode 7c on the back but its n lateral electrode 7a is desirable. Because, since the resistance R of several 

ohms per unit area exists between n electrode 7c on the back and surface n lateral electrode 7a, in order to 

make plating easy to attach to transparent electrode 52a, it is desirable to take the cathode of plating to n 

lateral electrode 7a. In order to make it this potential, as for n lateral electrode 7a which adjoins as furthermore 

shown in drawing 6 (b), it is desirable to make it flow through all with the connection electrode 9. 

[0069] However, since the currents passed to plating inter-electrode are about [ 0.03mA //mm ] 2 and a small 

current, it does not produce un-arranging as a cathode of plating of rear-face electrode 7c. 

[0070] Since the reflecting layer 10 by Ag plating was formed in the whole surface of transparent electrode 52a 
of the above, as it explained previously, since it is reflected by the reflecting layer 10, luminescence brightness 



of light which escapes from transparent electrode 52a from a barrier layer improves. Moreover, since Ag plating 

adheres also to n lateral electrode 7a of p lateral electrode 52b, the micro bump 5, and the Si diode 7, it is urged 

to heat dissipation of each part, and can suppress the effect of the heat to luminescence. 

[0071] In addition, although considered as combination with the Si diode 7 for electrostatic protection in the 

example of illustration, it is good for the substrate with which it has the electrode which flows in the electrodes 

51a and 52b by the side of n of a light emitting device 50, and p, and the flow structure for electrolytic plating is 

acquired. 

[0072] Drawing 7 is semi-conductor luminescence equipment by the gestalt of operation of the 3rd of this 
invention, and is drawing of longitudinal section of the LED lamp which carried out loading junction and carried 
out the mold of the compound device in which the protective coat 1 1 was formed on the front face of a 
reflecting layer 10 to the leadframe with silicone resin and an epoxy resin. 

[0073] If this structure is explained in detail, after making flow connection of the compound device in which the 
protective coat 1 1 was formed on the front face of a reflecting layer 1 0 shown in mounting section 6a of a 
leadframe at (a) of drawing 4 , the junction clearance between the flip chip mold semi-conductor light emitting 
device 50 and Si diode component 7 is filled up with silicone resin 1 5. And the mold of the tip of a leadframe 6 is 
carried out with an epoxy resin 8 including this mounting section. However, it is made not to cover silicone resin 
on the optical ejection side of the flip chip mold semi-conductor light emitting device 50. The reason is because 
optical ejection effectiveness worsens worse than the epoxy resin for mold in the light transmittance of silicone 
resin since the refractive index is smaller than an epoxy resin. 

[0074] The gestalt of this operation shows how to prevent still more certainly Ag migration produced when Ag is 
used for a reflecting layer. That is, in the gestalt of the 2nd operation, although Ag migration can be controlled 
since the moisture which permeates resin is intercepted when the front face of the reflecting layer 10 of Ag is 
covered by the protective coat 1 1 of nickel, the part which cannot cover Ag front faces, such as a pinhole, with 
the formation process of a protective coat 1 1 may arise. In that case, moisture invades from a pinhole, heat and 
electric field are added, Ag ionizes and solves, and the poor leak mode by broth Ag migration occurs. If the 
junction clearance between the compound devices which show silicone resin to drawing 7 is filled up even when 
such a pinhole should exist, the migration of Ag will be controlled certainly and poor leak mode will not be 
generated. 

[0075] What summarized the result of the acceleration reliability trial of Ag migration by the following three kinds 
of cases is shown in Table 1 . 
[0076] 
[Table 1] 
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[0077] ** a reflecting layer 10 — Ag, protective coat nothing, silicone resin nothing, and ** — a reflecting layer 
is filled up with Ag and, as for nickel, silicone resin nothing, and **, a protective coat is filled [ a reflecting layer 
10 ] up with nickel and silicone resin by Ag and the protective coat. As for the conditions of an accelerated test, 
temperature is [ 85 degrees C and humidity of energization ] Vf=3.3V and If=12mA 85%. 

[0078] As shown in Table 1, even if, as for **, one third of samples do not generate poor leak mode in 240 hours 
or more and ** leaves for 500 hours or more to poor leak mode generating ** 100% in 24 hours, it turns out that 
poor leak mode is not generated at all. 
[0079] 

[Effect of the Invention] In the light emitting device of this invention, since it is made to reflect in the optical 
ejection side side of a crystal substrate efficiently from the field (reflecting layer) where it is a silver white 
system and the laminating of the high metallic material of a reflection factor, i.e., Ag, aluminum, and Zn, was 
especially carried out from blue to a green light, improvement in luminous efficiency of the light which faces to p 
lateral electrode from the luminous layer of a semi-conductor cascade screen is attained. Moreover, since the 
metallic material, i.e., nickel, Co, and Sb, in which the ohmic junction to the p side semi-conductor cascade 
screen is possible as a contact layer is used, the assembly stabilized by connectability is obtained. 



» • 

[0080] moreover, by using a contact layer as the thin thin film which can penetrate light, by considering as a 
thick film, a reflecting layer can be conventionally boiled markedly compared with structure, and can raise 
luminescence reinforcement. 

[0081] Moreover, although the poor leak mode by the inter-electrode short circuit by Ag migration occurs when 
using Ag with the highest reflection factor from green as a reflecting layer to a blue light, it can control by using 
a reflecting layer as Ag, Pt, or the alloy of Ag and Pd. 

[0082] Moreover, since the front face of Ag reflecting layer can be covered by the protective coat by the 
electrolysis galvanizer method after a submounting component carries out loading junction of the light emitting 
device on the wafer formed in the shape of a matrix when loading junction is carried out and the light emitting 
device of this invention is compound-deviceHzed for submounting components, such as Si diode, through a 
micro bump, moisture is intercepted, Ag migration can be controlled and the luminescence equipment of high 
brightness and high-reliability is obtained. 

[0083] Moreover, since a reflecting layer with a high reflection factor can be formed easily on the transparent 
electrode of a light emitting device with electrolysis plating after a submounting component carries out loading 
junction of the GaN system compound semiconductor light emitting device with the conventional transparent 
electrode in this invention on the wafer formed in the shape of a matrix, improvement in brightness is possible 
using the conventional chip. Moreover, even when Ag is used for a reflecting layer, since a protective coat can 
be easily formed on it, control of Ag migration is also possible, and the luminescence equipment of high 
brightness is obtained. Moreover, since a deposit is formed a transparent electrode and near the in the shape of 
thickness, heat dissipation of a luminescence side is also promoted and improvement in resistance also becomes 
possible. 

[0084] Moreover, Ag migration can control still more certainly and highly reliable luminescence equipment is 
obtained by filling up the junction clearance between a flip chip mold semi-conductor light emitting device, a 
leadframe, a substrate, etc., or the junction clearance between a flip chip mold semi-conductor light emitting 
device and a submounting component with silicone resin in the semi-conductor luminescence equipment which 
carried out flow loading of the flip chip mold semi-conductor light emitting device at the leadframe, the 
substrate, etc., or the semi-conductor luminescence equipment which carried out flow loading of the flip chip 
mold semi-conductor light emitting device at the submounting component. 

[0085] Moreover, when carrying out flow loading of a flip chip mold semi-conductor light emitting device and the 
submounting component using Au wire etc., reduction of the stress to Au wire can be aimed at by applying so 
that silicone resin may not be covered to the optical ejection side of a flip chip mold semi-conductor light 
emitting device, and highly reliable luminescence equipment is obtained. 

[0086] moreover, it is easy to treat silicone resin, and also to change of environments, such as vibration, stress 
relaxation, durable adhesion, a heatproof, and ozone proof, since it is stable, it can boil dependability markedly 
and can raise it. Moreover, by the thing equipped with an electrostatic-protection component, electrostatic 
pressure-proofing also improves as a submounting component. 



[Translation done.] 
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RX/p fPJlcom® 5 1a, 52b Prfrtl^tllz; <yyWM 

zb&llx&z. ztit>*-?'j>h awmtztsmwiE. 
mmmizxiTm-eti.. vi^v^v^ivmr^ 

>7V k Ltzb<?)X'foh. yT^-yrmt LX 

T-fe>7''J-ri.k^{i. astc^-JfeMea^SriTRlK 
S-tbtSS&Ok #0»&5 0 a<7Xt®A { ±3feBXtfi Lffik 

WL5 0 atCGaNaMfc^ftiNifWBSWJl-tSSBta^ 

5 o-etis *^ tm*)*: k i. itmmm & weitimsk* 
m^mmzmmLx, i»mmzttLximiz&\,^tw 

ao-7 •> y h»fc:*Stt LTx^df MfflHSSfc: J: t &jt 
LtzLEDy yr^ttj . LED7>rt f §^st;a< 

f-^-^'^iiTtnyT-'y^kSrWlSie-yr-rM^StcS^ 



t $ itiz k # . JH*l6lft5 X -e 1 0 0 VOffUBE 
T\ atSrifliTlitS J:* 3 0 V*»«E"T1RJ8S*vr L4 

[ooio] ztuzML. nmssM<Dmm,mzam; 
m=f-5o<7)w%zffi±-t&tz*b\,z^ wssa&a&frk. 
lts iy4*-YzmLhzttf^r®sx'ibh. z\<m 

-1878 2-sp-k LTHtaiBLJt^HWatflaafcE 

ttotoj^aflaT-* » ni<7)y >j 3 vs^^awk Liz 

S i F *«3K*f-kiBStt<0Wffife:* & i 3 fc: 

[0011] !19iill8©fBfc«^5 0£rf?mSlftSffi 
COS i ?4 Y 5 3 WSfcLTWaSHHfc LfcWC* 
oT> ( a ) J2¥®H, II<7) ( b ) (±R0 

( a ) <oc -c«y6»(c =fc &wmwwx'hz> . 

[00 12] S i^3t-h'5 3{±nSv-Ur7V^5 
3a^WkL3ttO-C, I29CD (a) (Ct5V>T*ffiffl!l 

£-£T . p S^if ft^iiS 5 3 b £ SfrfrWfcr^fR t it i> <?) 

•€• lx, nm*mimmzte%-$- sas^tnffly 
ss54&i;ps^*f«5 3 b(cffls-*-*aa-(cp 

Rtl 5 5 2: -E-ir-f ix^JjS; L , M t=TB t ti U — H 7 U< 
-Alfk«Si;Wt»ii$^-SJt:y><?)ntBBi5 6*&i?X 
V^S. S i^M^-— H5 3C0n{l«Si54kn 

[00 13] S i^^"— Y5 3<7)nmW&5 4l±?£/£ 
m?5 0 CO pfflOttfii 5 2 b fcv-f ^ \>7 5 
XmmZtl. Pt»li5 5anl«l5 1 a£v4?u 
Axr5 8£tf-UCR«3:fU IBK*^ 0 k S i ^ 
*-H5 3ktia!ffittfcJ:-oT««l$^fr^S. *L 

t . p fiumffi 5 5 y - k 7 i^-a^ t ©rates 

[00 14] £<0J3$ri8*tt<0««fc:J:oT» S«E 

t i zi&mtiitfmnz tut t # tc{± . gam^? 5 0 (cep 

JPSn43»*|ftl«Eti S i ^-K53 <7)JiI^[p)«jE 
tt&ttch-h 0 . 9 VTX-f /n-X*^< i k tCi^T. 
Mff5 OfcEPjD^^SJII^mjEtiS i y^is-Y 
5 3 OSSt^tc J: S «jEI^T^- t7i «JE V z ft 
J£ (Mitfi ov) TVNW^x*«l3<C:kt«fcO. -e^ 

SR? 5 0 c73K«2r«HtC|»<'C: k -I. . 
[ 0 0 1 5 ] £ it. 7'j77f7 7m<&m#9&&& 
^Ti±, a»!8«ff5 2aO±«fc:ffe3ie«* t JBJ«Sfl40 

t\ £<o^3te^* i A>©3fc»i-9-7 r a rmm. 5 0 a ^^tt 

-C-e<D±®£#&DitiLffik UT^-T^tcok. ^hJ 

Bgm^5 2 aA.|6j*»33t^jiBBf|aft:ftbSR»*<oaf 
^JWWtffi-CRStS-tt-i <£ 3 K-Tiitf . 5t5X 0 ttJ LWfr 
L>e>&mimt:±if&ZtWX'%2>. £<^*&. JIM« 
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fc . Httf«^ k LT G a N ^CD¥3i 

it%< , nmmnmmzazco*-* y ^mm^n- 

COO 1 6] 

[&hj!#s&lj: 3 k^&i&s] mmmm 5 2 acoith 
0 izmmv&t l, ^>-r -r y ^ * y f t -^t p 

rat^Ni tAucommmttziicokAucom 
mmt -mar. p ss?>¥«tic*JiiBS t o*- 5 y 7 &« 

[0017] tZ*>J)\ N i tAu fc<0»MRTld\ - 
mz*- 5 -y 7 a 7 h% t & N i (Dmi&ZhfrXM 
<, Au(iiixtCjt / <-l»i:*<^§il^. Co tAu 

t vrnttbitT i> mrniz c o im < t a u mjvv ^ . >r 

£0 J: 3 Srff $<0Wfl«4, mm**- 5 -y ^tt-f&fr^m 
ltM*(plGaNl) k<0«lfiS4(t*«ti/hS< 

•T & iz#>&ktttr* < h i> e>X'h h . 

[00 18] COi^^AuiOJSa^N i^Coi Ok 

tit x.tf¥i&8szn&<7) tmm^i corns 1 9w%m<n 
^w<wtf£BOttmcomtLX7F;ztix^&. z<omz 
£ta£. a u <mmmzitimi Ltimsxit. 
o . 5 5 o /£ m ( »fet:ffl s ) mLX'htmmstmit 8 

0%J^±T'J>SOl-*f ifcft#0 . 5 0 O^mfcl&S 
kKlt^ii 5 0 *OTfcS*fc<KTl/CV4 . 
Sfe&PO. 4 5 0/xm (WfeKfflS) TSMlOf, 4 0% 

z<mmLx^h^ttim&. 

[00 2 0] Lt^ot. p£o¥#fMWMti:pflg« 

[002 1] 3lc. ti«8kLTAuiffi»t 

6 » 7 y y r-f - y TSO J: 3 iZ P fflS«® A> feOR» 

fthimmL&miz\2iwLx5WMmz±if ± otLx 

[0022] #?gBJfc^T«&T^#§lfIf±. «*Ji 

j&» 4> p BWiJcm** 3 v ^RarajaFeaewtfj lbsw 



[0023] $ £fcBir!BL*:¥j£8^Ji£tf) rgjfs^j 
<DIS5 1 9 J0W<0A«BO*3t^*O«t:J:fLHr v 

a yco$&k$:®5£th Z k tfiiOmX'foZ, . .r <o-<m 
tcAg^Mjj-y-fk-rsitctoTi^^tor. 0 

[0024] ■r<DfBfe#g J ?^§£-<> Ag^pitiCII 

t . «o p mmm t n am® rao y - 9 

[0025] ^mHzti^Xffik-t^^nWlMli. 
RI»A { St)gv^Ag5r7'fy'l/-y5y5rM$tl. 

mzf%m-tz>ztxh&. 

[0026] 

[gna^»^-rs^^#S] ^Hj^ B a B* 

k fftfil*- 5 -y 7 n iai«ffiS.lX P <S!l«S& 

Mk Lfc7 y v7*yy-m&^w?&m=?-X'h~>x. 

mtmzZ&ay?? hMt. Z<?)^v??Ym<r>±),z 

%Mm<ois^m&&3k&mtt®tz x &&ttm<DW§w t 
Lx%&zt£imt^~&. 

[0027] zcdx o ztnmr&tiif. *mtmmm<n 
vtmfr t> p wwmiz ftfromi, m&&&?*>->xm 

h. 

[ 0 0 2 8 ] *fe . MIBSftfS^A go* 

[0029] Pt*^{4Pd{±. Agk^-fti-r-S^k 

t3iy, Agn^j ?\s-i/3>zmM-t&mztfh 

0 , itAg co^B Sr €»^< -y =«f i S «8HRT5fe£ 

[0030]$ &l=#JftHJfci. 7 'J 77f -y 

y-K7U-A^*«&k*£&ai£ttL*:¥ 
^#=*3teSS . ifcli7'J -y 7° f - -y 7^***^*^ 

^-9-7-<"> v h%?izmmm®Lti*mt*ft%3imz& 
^x. 7 y y rf - -y TPtwaas? k y - H 7 1^- 
A^SM^rk*k<?)S-&Pfja4^t±7 y 7/f7 



(5) 



1fPPF 11-1916 41 



vrnzm* k^wyhmmmsmmzisv a-y 
[ o o 3 1 3 s^u 3-ywR*m&s&ma&m-r& 
nrn-t v-r^-FTF&zmw&zt 

[00323 

piit -eft-m*- s y ? n aimeaix P « 

-5*C« p p BmiftflWIJRt=*- 5 >y 9 «8T5J 

pmmmizfofrdftz^ «afe*T*r>TR»MW!>wv* 

lMm\,z%M%-£&t^oftm*^tZ>. £fz. ny? 

9vmt lx pM^mimmmiz*- s », ?m&*im% 

[0033] mtm2 tSBttuOSKBtt. MIBn V? ? I- 
Jlti. Ni, Co, Mg, Sb^^-fix^^aTClgSr 
^commit 5 0 0 nmIUTT*$>4ft:£:>S 1 Btttf) 

OnmWT. tokffiUli. 100nmiaTfcL s 

^e^m^f&vu a trr 4t v^#^^-r 

4. 

[0034] s*jb3 iztm<o%m±. mmmmit, 

Al, Ag, ZnWvf^>0:£S7t*£>£>3:9. 
Kg ii 5 0 0 n m£lJb?&*II#H 1 4ttt2tiBa?) 

ftJK9ttLMIK=^$^C:fc#T-#4. *<D 
*>5 0 0nmIiLb. Sf * L< « 1 AtmtLhtL. RS1$> 
[0 0 3 5] 88#JH2, 3£J: 9. ?}fSg££ 

[0036] m$mA£%sm<o&m&. m&attmtfA 

g<0«^. UEEWli Ag fc P t <0«44fcttA g i: 

p d<7)-&&t-t&m$m33ffl(7)7 y 7rf77i^ 

AgkPt4WiAgtPd^tttl.ii:(:J:0. 



4. Pt4fci±Pd*>W£tt. f*i«ii0wtX4ft 
ti 3 0 w t %WSX'A g 05t»M££ 0 ?g t £ 

[0037] ffigro 5 fcriBStw^ti, 1 »e> 4 

fc . Mi57 'J -y - -y rS^ffcSBfcfit^ O p MRXS n 

y hm^fr 9 . mwy'-z^y vm=?-cr>w, 1 <r>±m 
f - -y P ifflst/ n mmm & »** $ * 

LT=Sr4¥>£tfc|Bfci£«-C& 9 . 9 £ii L 

[0038] »«fl6 fcBtt*wfcipiuu y -yrf- 

■c* o . mm-y-y"? 1 ? y bm?& si^*- 
o » mie^ i ±m±& 2 oomss^mfiB s i y-i 

Lxmimftm^copmw&t nsmmes i ^ 
^- f#f<>5 n sims h p itieiwitiiH^ t 

a^GaN ^-fh.-^^^«c*^ izy-y-?*? ybm^-tv 

^S* J f# ^>tL4tv^d^ffl$r*-r4. 
[0039] ar*3B7 t-|B»c7)»HJ{±. HOlSKif^^'A 
g^-^-. l«f£Kllt^O^®^ P t , P difcJiN i 
^^r4«ajKT'S-5 CI fc *^Safc-^*SB*3B5 4fcJi6 
ISKO^fr^^aT'J) 9s P t ifctiP dli, A g 
b^±ift^^b\,zX 9. Ag«7^1/-y 3 ^j(p 
M-t4«*3i**i5, 4^Ag^I^t»^7^ff:J: 
6fiWKT^ic«3£fcCi9*#£iB»rU Ago 

* v-fktc -ru-iss y inm-t 4 ^ t ^'-c*^ 

4tV^fPffl€r*^-4. 

[0040] »*«8 tcEttOSMJitt. ff ^ 1 ^4, 4 

y -y rf - -y ?wmw5&em=f- * y - h ? u- 
& j $w%zizmffl&&LK*mib¥£mm.. ttznm 

*3B 5 7 SBttco¥**f6Mai«fc:* v . Ml >J 
7 7-f77-I^M3fci^ i: H?iay- H7 U-^* 
®5rifi:0»^iaaa4feJ±ffilE7 'J 77f77S^«t 
luiS-f^-v^ >- hs^F oa^fiwat:^ y 3- 

TS> 9 . v 3-y®mzmszm'&fflgiizftm-t& - 1 

tcJ:9. Ag-f^-^Srv-ya - y ffili^ h 7 -y 7*t 4 tz 

46. Ago^4-y-fw-J:4v-i'^'i— ^ 3 ^^ffn$ij-r4 

£ WX'Z 4 i: ^ -5 ftUH 5:^4 . 
[004 1] I»*3a7t8^«ffl^-4^fctcj:9, R» 
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[0042] msm9iz§ffiicDmut. rnxmsimcD 

fr-ShitlZte I *T . BUffi 7 U >y 7-f - -y ^imPMBfcSt 

\mfc?m<,zp t it^^-^-thmAk^j ?-ymm 

S> & BUffi A uV-f ^ 'VCOX b l^X*^ |<> Au |£#>" 
D (c Jt^T < 3r & *>\ mife3E«ffililO±® €r 
-< h I'X fct&RfcB**-* Z b **T'# 4 fc v> a 

[0043] m&a i o KSB«wf6Wj±. mem 5 , e 
4 fc n 7 §Ea<o2fm»*3e^at:*j v >t . ?y y r f - -y 

at. mmnmmcDmmitznmnmzB&i-. mapm. 
m<r>mfficoim£mi,zmmcoigBmm$:&ffct& ttt> 

IZ Z <DWmfeco±X'$> -> X mi p mMcr>mmcr>~U £ 
$ft£^xyN-co±£ffi5R^comS£;W£^v-r ?o 

'iyy'Z'frLxmmtezittimz. ms^^-tvs 
im%m=?-t t i> izmie&ttmco&j&ttmzmMLtzn, 
m* -y*m&mL. mzv^-conmzmmmmm 
nnmmzmnL, mm* -v^mizi. qmm&mtmz 

m-xmx-h o > p wwt6&mmwa&>* zwz&m^x' 
h-ox v ym^tfmw&zy&$&tirz*7^\ 
-tzmmk. mrnxv^mzm^zztizi^x. mm 
mmizBmmztsmtzttmBf&t&ztwx'Z. nm& 
^mzmitzn-sn^tLx. ttz. y-y-?v>hm 
=¥-*s lyjx-Yt^&ztizx*). wtmwzi>fk 
tx.tzm.^m=Ft Lxmmx'Z&t^oftmz&tz. 
[0044] mtm 1 1 izmmcomiiz. ms^nm 
co&itmmnwmu'mxh -ox.miyv ■•/ -y tw. 
^tbwmttmi&7'^v>h^w'ftmmzm&L 

^yyzjYLxmmm^mtfzmz. mmv^-zm 
m&m^-t t «, izmm&wm^mwmzmffi ttzm 



M*-v*%uzimL. mzv^-conmzmmmmm 
connmizmmL. mm* v*mzx oflHeAjctm* 
mzftxm^ co p mmmmt,zttzmj&tz ?mw%at 
wm.ffmk-xmx'b o . mm* y jhv *&zb izx 
k>. ®%izKmmx'$>&As<vmiiiwiz&mmzmoz 
btfx-^h. &tz. ^%m^^v'-?^>vm=f-^n 
mz&8.ztitz*7^\-±.i,zmm&. a»it*iAg 
comimizum&ZMm- sot. j^^, «aM^fs 
oft s 'C^ie*^ < , «aj^co®j* *9mz-t hzb t/x 
z&b^oitmz&tz. 

[0045] y.Tiz. *mx?mm(mmv>mfcmzm 

<mmz± N&iti^tmftimm^cDwmxh 
ot. rho ( a ) ti^MH, H0<3o ( b ) amm 
(a) co a- Amzmiz x h wmmmxh -s. . 

[OO46]0lcO(a)S.l/(b) iZti^X. fBte* 

m zfe&mtocoiiWL&mimftLSkmz i 

fcn^&JQMfcGaNA-y^rgl b, nlGaNfl 
c, InGaNSttild, plA 1 G aNl 1 eRZf 

pIG a l f b L tz t> OT* 0 . y'/yKfnlil 

[0047] nIG a Nl 1 c CO — — — o5<7)Ji 

n HK 2 * H«ffit= J: -^tM UT V >S . 
^ . x >y ^-^fc J: £ «^35^ Sr ^«±«^ p M 

g a n ii i f o±ffitcti. p mmm 3 *>*isi«fc^«FS^ 
itpmmm3co±.i,ztezti?ti'?j ?DA>r4, 5^ 

[ 0 0 4 8 ] 12 2 \±mm^- 1 i mttz^mwmcmm 
cow®mxhh. v-F7u-j±6<D±.mzmwLZixtz 
vu 6 a tc{±, fimmffiafflw s i y-f vm 
f-n-v-y^^ybm^bLx^mLx, zti&m®% 

S i yf- Ym? 7 colffilz . 01 to ( b ) fc^ Lfc 

[0049] Wm=f-lcO~?4'7u><.>7'A, 5{±. -e 
ix-fix S i r-f H 7 (0 p ffllffifiS 7 b Rlf n flW 

®7 aizn$w<,zmmzitxtt*is®s§8iz£-ixm 
±zti. mmcommz&^xy? r 4 rwfci aco±® 

[0050] 5&m=F 1 -vWlltft S fc S fcli. 
i^a/l^cOI nGaNSttll d **«3feJi k * 9 , fl! 
5R^fCt>^ L3t i 3 IZZCOffltMfrkCDfttf-V? 7 AT 
WSL 1 a cO^BX 0 Hi L®ffl!lS.y* p 3 3 . -£ 
LT, ^cop{MIBffi3lc[fi]^37fe&$lJ*J:<RI : f§-li:?. 
J: 3 Iz-ttiliX^ifi. i<OpfflWS3<0«8i»St LT 
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A u £ *tr l> cOTii»fec7)^tfORSt^*vjN$ < 3r S k v > 

[005 1] ZixlzttL. *¥ffilX'l±. pfflJ@BI3*>^ 
^&»^£±tf &£*fc^O*ffi£ plGaNllf 

b £ 5 0 n m<0«ST#*U *<0Jt£RflMI 3 b k L 

t we&v»fw«fc{c*t lt s*w<osv ^afe^^jR 

ODAlifcliZnfcl. 5/xm«OJBJ|[-CWJBL-CV^&. 
£.Tt\ 3^? Mi3a£3f<i-4aift«. P lGa 
NJffcfcfLT 5 -y ? 3 ? )- £ t htz#> 

Oi^Rlt®3bTft£^fSraj£K:LT^i,. 4 
it. .r<7)SStS3bt±. 3b&«3ffiST'S=5rv^i3fc:+*5Sr 

oft£a*i<Slt£-tf££k* 5 T-£S. 4j£. RStJl 

* a< -rsfc«>fcR«* 3 b <7)±t a u comzmm- 

[ 0 0 5 2 ] ifc . SltS 3 b fc1H&*fMWMtefc:*f I, 

<0«^-t'ti . p {B«® 3 k n fflimffi 2 # 

_ ^ qg. _ K^H^'fS^.g, k V ^ ^W^rffi*** & . 
[0053] ZtliZfd L . *«njr«± . SlflB 3 b CA 
8*ffl^6«^li, PdXtiPto^k LTSIt/13 
b£jgj£;-f&. AgfcPdifc^tiPtSrig-ifS.rkfcJ: 

mztiz. -e«o^«o5SiEii«Pd<o^3 0wt%s 
a. pto^nowtxstr. ^cDRit®3bo 

[ o o 5 4 ] 0 3 as 2 cnm^mmz x 

¥®0. R0O ( b ) (2(10 (a) tf>B-B8*«(cJ: 

[00 55] Z Z T-fflV ^Ga N3MbdWmVflcX3iaR 
«*^HJ^ 52a fcftoJftMSIH 1 5 0 T*& 

o . vrwy hm=F < s i r-r h > 7±tv-f ? 

o/OT-Sr^-LTS^^ix. k Sit 

m 1 0 *iSBB«a±fc:iH&ai^»fe03tt:»LTR8t* 
<y}sV^&^&JgW^Ag47tfiZn£rl . 5/im 
*>|RJf T«W ^ v *mz X <OT"£> l» . £ <0 

^oMmBm±m2tm^r>x^h . 04 0. 02^ 
^(i , %jk3»? 1 co p wsffi 3 i^mmzco^mtm 3 b 



BJ31ffi5 2a, P ffl!imS5 2b. fv^yySRlf 
S i r-f K<0nfiH!7 aCD^ffl^flcfclKltJl 1 0 

mmzti&w* msmt Lxnmmzgfz-twmm 

115 2 a±fc»«$ juta^TfeS . Z<r>WMm 1 0 
k 5 0 <7) P <BJmM5HiW20 2 k Fl t flUST 

[0056] 4fc. £ ^ffit fc^T tSttS 1 0 k L 

hh« £0%^. 04 (a) (C^f-j:d(CKMJ|l OT' 

fttoSiiLT < ^.Tfc^-k A g tcr>mf&Zm-h-?4 TV- 
>-aV*WJT#S. Pt-^>Pdt3-ri,Si{±. 

m*¥??fzisbX'b&. ttz. Nit,z-r&mii3i±. ^— & 
^ -y ^mf&m^^z^xx. h tztbx-h & . ±iE«aMc7) 

[0057] £<7)«a)Kl 1 ««&«t4 s 04 ( b ) ^ 
J^O p fflimffiO^StS 3 b $ A g ^fflV ^TflM Lfc 

[00 58] £<0j:d(C STOffi5 2a(O^MlCAg 

mv&m&x >y*mz£-r>xttm$itt&Mim lozm. 

li&ztlzXiX, tStimfr^ffiigMmiOizii 

5 owiziiifz&nzngm&Zitxmi&t&m. 
xxmizit^z k . «3Kx*/i^r-tf3sai*/h$ < 

[0059] ttz, %.ftmt%&mwnm5 2 a.im,<?> 
^£'0 t>mi&t%&mfoiz$>y) ^ mmwm5 2ai±m 
#>xB<zcvmfKmmi>'bz^cox\ wmg&f&i.zft 
■t&mftiimx'Z*^. ztiizML. mmmM5 2ai 
tuAg^ v^izjizzMmi otmrnztLXFimfcz 
ixx^h<DT* Ag^^mKmmizx^xmm&iiM 

Ltztf-oX. As^zXh^tm&^JcfSiX^j: 

1 o{2^Bjms5 2 a.cr>mmtmx-%< . Ayrias 

■■^S i ?A ^--H7c7)n{g!imffi7 a^ffitct^^ii 
S<0"C. *PBKoat«;kAgt:«]:4JRfis»*f0fflL"Cft 
Wm:^Xz^^^ZtifX%h. 
[006 0] tfz. «SJK1 l*5g(c»*4£kt.fco 

t, mwmm5 2 anrnmwzmmtt.x'* z><dx\ * 
cvmmmnmiinttmmmzfotL. mttm^son 

[0061] m5iz*mi<?>tmftm(gm<DRttm 1 
os^«ai»i 1 cmm^m^jLm^-tmvmxh 

[006 2] 0fci3UT. nMc0^l>n>-$-^k Ltz 

hcozwmtLxmffi-rz. zw^;\-i 2«. 03 
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fcjjrT S i ?4 K*Fc0pffi^mWWS«7 e 
-rSkhUc. nflRt;pi«(K57a, 7bW^- 
yfc— lB«c»*U «HaMfc:fctn«ff7cfrJB£Lfc 

[0 0 6 31 — nffla^pffllO«ffi5 1 a, 5 2b 
\,Z-?4 7UJOT4, -y =Sf^*7tttX^ y 

^SOfiOmtltSrX^fX/N'^K^- MtMTi><. 

U »>xy\— 1 2^nffl!iatXpaa<7)m®7 a, 7bW 

S. gft. «H«fcJ:9JMW6^S*^JtyN-12±t:BI 
5g-T&. Cco%^. v-f ^oyO-rfi^xys-i 2c0n 
ffl&t*P»5«S7 a, 7 bffltC^LTtJV^-Cfcft 

[00 64] fcWC, fBiaiHFSOSrJSaLfe^xyN— 
1 2£HJ|?.X >y=¥«l 3C0*cr>WM* 4<7)<P(,Z 

«S1 3a£?xy\-i 2k#*M-|>{aafcMU ^ 
xy\— 1 2coX®CDnfi®7 c £jt •y= J fCDlOTSEi: LT 
£ft£>cDll«ffil 3atn1t&7 ctomzWM 
ZmWi-f&ZtlzX^T. «»?^-y^fil 3<7)4>^^-y 
*&£m^»r & . Mz X 0 4-rR»fli<0A s X -y 
*C0*§-£{i. ^•y^'t'CO A g x/\-l 2<0 

n!iiffi7cfc^jl-rSniai^fi|7a, V-f^W^r 
5, »3t3lH t 5 0<OpfflWffi5 2b&lfia^tS5 2a 
*>£»fc*rajff*S*U 03t*L*;J:3(;:AgeDRM 

JIl Otf^StLS. 

[0065] -e<DflL ^xys- 1 2SrBX0tiJ LT+#*5fc 

SBIfiSS^ 5 0 0WWg 5 2a £#tfg&ftfc: A g c^Rflt 
Jf 1 0 fcJBfcLfcJSftSH 1 5 0 1 S i y^it-Yl biz 

[0 0 66] 14 (a) fciSUfcfiSBKl 1 SrR 

S'J^«»^ -y *«<y)*<9« 1 1 fflO^S^ -y * 
tciJHfU P3«<0«^tcJ:->TffaH«l 1 -y* 
StiotMtiilfJ:^. ifc. 134 (b) t^-TJ; 

o izmmco p mts 3 £ t -p^t^ 1 c*j «> , p 

fiOSH 3tA'g*ms«&tt. <7xy s- 1 2 Kft-Sft 

[0067] H612S i^*-K7£gBi^Sfc«><9 
<7xy \- 1 2 tc#j£3 n fflttS 7 a b p H«& 7 b 

[ 0 0 6 8 ] 06 ( a ) IZTF-tX o lZ^ X y *»jSHli 
n ffl!l«©7 a t mMHWOy' 5 k 5 0 CO p [ffl 
ttSE 5 2 b t j£9itt& 5 2 a T* h COT. I^m^k LT 



teRSco n «S 7 c Tii^r < . n MW& 7 a AW^ L 
V>. fcV^Oti:. Sl<7)nli7 c kSfficOn[H0lt®7 

h<nx\ mwwms 2 aizjt y^z^^-fK-tzKsb 

t(inffllS7 at* v*CDmW.mZm&cr,f}W& LV> 
COTfci. . $ ^>{C|16 ( b ) t,Z7jk-t£ o lZf%1g-tZ nffll 
m®7 attTOfflt^43tftfc:!feBWM9fc:J:o"r^T 

[006 9] L#>U * >y#«aiSIfc:iiW-«att» o. 

0 3mA/mm*g«fc/h*Src*£fctf>. K®«ffi7 

[0070] JSLLt «£ 9 . 5 2 a Affile A g 

«t 0 fc. «tt»*^SBB^ffi5 2 a ^ftftl>7t(3:^W 

Ag^-y^r(ip[imffi5 2b, 7^^DA>7*5 
AtfS i ^^-H7C0nfflfl«g7 afctftftSO 

[ o o 7 1 ] mm<mx'\mwmmm<?>s i r 

4*-Ylb com^htb LfzfiK &tm=F- 5 0 CO n 

ffls.t/pacomffi5 ia, 52b izmmT^mM^mt 
x^x. mm* v*v>tt<mmw&&%t>ti&wm 

[0072] m7itt¥$,tyom3<omm(7)mmt,z£ 
m^^tmsx-h 9 . &mm 1 o v>$miz&mm 1 1 * 
mmLtzm^m^o~¥yu-Mzmmm^rL. 

3 - b XtfWf 5^«irC^ - K L/S LED? >7° 

<nmmmmx$>i>. 

[0073] zcr>mm*mL<wmt&b, <j-Y7u 

-AcO-7 1 7>h§P6 atcH4c?) (a) iZ^t^MM 1 0 

at. 7 •y-r^-yrm^mw^m^s otsi 
mT7com<&wmzisv a-ymm 1 5 

5. -E-LT. dco-7'>>'bSPS:#i6Ty-F>'lx-A6 
f05fe«2rx^^|i8T^-^K-rS. fefc't. y V 

■y y Tm^mw^m=f- 5 0 co^ix 0 tu ls± ten 

v-Un-y^fiifiOatSjS^^-^Hfflcox^^Bi 

[0074] z<vmmv>Bm±. zatrntzA s srfflv^ 

jmfc& . A g co^ltS 1 0 N i co&Sil 

1 lts^^ w&*m&Lx<&*ft&mrt& 

COT'A g v-f 3 y{J:WJ^T«gT'S)S* { . &&m 

1 1 O^CrS-Ctrv^-z^^Ag^ffiSrSaf 



(9) 



WSHT 11-19 16 4 1 



t o o 7 5 ] a g -7 a vis-is* wmmmmmsmcv 

[0076] 















24 ftffl 
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500 B#&1 
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1 oo% 








Ag 


Ni 




3 0% 
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Ag 


Ni 




0% 
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0% I 



[00 7 7] 0>ti. 0#Ag. «HIR:U x 

Vf = 3. 3V. If = 12mAtM. 
[0 0 7 8] m tjjrtf-J: o fc:. ©ti24B«B-CU-^ 
t-K^&tfl OO9#fe£f6«0t*fU ©12. 1/3 
vyfVTMf 2 4 0 KfraJiLhT' U - ? KTOUifft£ 
LTtJ^r. SOOBflafcLbfcoTfcU- 

[0079] 

^*.Ag, A 1 ^>Z n*«Jl$*lfe® (RfltJi) 

f63lfl»*0|fti±*«ri6i:=Sr4. =7>-*;y hSfc L 
T p (S8¥e£(*«Jf S y ? ft ittWPj&M&ffi* 

[ 0 0 8 0 ] . h Btijf < afeWajOTIiBSr 

Is— is a yfcJ: &9BEISI»l6fc: J: & 'J -?^E- 

f&±-r&#\ sifiJAgtpmgfcPd^t 

[ 0 0 8 2 ] #»»*>&3fc*?£v>f ?da>7 

Stilts i r-f *-H*w/v'»'hsit^te»i« 

fc. ®PM 7^ISC J: 0 A g^fteofcffiSrftaJglT- 
[00 83] fl^O»!litt«£«K> 



<0« V *R|*Ji jWBj£T # & <DT\ >y TSr ffl V \X 

«8EOi*i±*rnrtrc&4. jaMN=Ag£fflv*fc 

w.if%htih. ±fz. mmmms-x/^conrnzmmmz 

[0084] £ . 7'J77f7 rM^ffcSBES^ S: 

a. ifcli? y >y7-^ y7ffi^»«c^t^^ &Hf7v7 

•y Tf - -y rffi^*%7t^i; y - K 7 lx- A^a«^r 
ft eo#£« 134^147 'J y rf - y rM^*5Bt*^ 

fiitfciO, dilute a g-7-f^u— >-3>-$- 

[0085] 2 7t . 7 y -y rf - ••/ ym.^m^mm^k 

-r.?.J:-3^:%&^joV^T. ^'j3-yflt7'J «y7'f- 
[0086] ifc. y =J->KMgJd«i^-< . s 

m>%Mztt lt fcggjrcft , msmztemzfa 

[0M^fS#=5rSiBJ] 

[ m i ] *%m<?>—mm<mmi,z x h ? y >y rf - ■>• 

( a ) li^HH 

( b ) \mm (a) <oA^A«^ffifc:±4tt««aBfai0 

[ E 2 ] 12 1 «0%3t«^ Zffittz LED5 > TtOjiB&ll 

[@3 ] ^wm-m^m^zxh^mwwt^mco 

( a ) li^n 
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( b ) (iisiia ( a ) - B&xmz x hmmmm 



[06 ] *wn<r>* vZ-TMzmw-tzmTh-oT. 

(a) mm* y^commm^^-tm 

(b) iiS i *-VTyx.J\-l,zBf&.Ztltznfflmm 
;UHL*:f&J£*t1«®0 

[08 ] G a N^<k-^!i¥**c7)5Bfe^c7)^J^^-tM 



[09 ] 08^I67K*^S i ?J*-VlzmmLTlg. 

( a ) }i¥B0 

(b) ii|SI0 (a) C-C&*miJ:-S,iifB!ffi0 

1 f&ftSi^ 
la 

lb GaNA77Ti 
lc nlGaNl 
Id InGaNffittS 



le plAlGaNl 
If pIGaNl 

2 nfflptffi 

3 pfflMffi 

3 a *-S-y?&1=rJI 

3 b RMS 

4, 5 ^uAVT 

6 'J-F71/-A 
6a 

7 S i ?4 vm? 

7 a nl 
7b pi 

7 c n^ISi 

7d nmi/V^ymU 
7e pS5¥*{*tS*£ 

8 X^MMBi 

9 Mm 

10 kimi 

1 1 umm 

1 2 >>XA- 

13 

13a ©fifi 
14 mM^-y^m 
15 
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7a 3Zb SZa 7> 



^ 73 7e 7 




7a 5 4- 7c 7</ 
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32b 32a 30a 30 J/a 

7b 7e 
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7a 



3 4- 7c 7d 




3 4- 7 C 7d 
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